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SYSTEM AND METHODS FOR PERFORMING PERCUTANEOUS 
PEDICLE INTEGRITY ASSESSMENTS 

5 CROSS-REFERENCES TO RELATED APPLICATIONS 

This is an International Patent Application claiming the benefit 6f priority under 
35 USC 119(e) of commonly owned and co-pending tLS- Provisional Patent Application 
$0/336,501 entitled "Spinal Surgery Systems and Methods," filed October 30, 2001, the 
entire contents of which are hereby expressly incorporated by reference into this 
10 disclosure as if set forth fully herein, 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

The present invention relates to a system and methods generally aimed at surgery. 
1 5 More particularly* the present invention is directed at a system and related methods for 
performing percutaneous pedicle integrity assessments involving the use of 
neurophysiology. 

EL Description of Related Art 

20 A trend in spinal surgery is toward perfonning suigery in a minimally invasive 

or minimal access fashion to avoid fee trauma of so-called open or "direct access" . 
procedures. A specific area of interest is in me percutaneous placement of pedicle 
screws, which are typically employed to effect posterior fixation in spinal iusion 
procedures. While great strides are being made in mis area, a risk exists (as it does in 

25 open procedures) mat the pedicle may become breached, cracked, or otherwise 

compromised due to the formation and/or preparation of the pilot hole (designed to 
receive a pedicle screw) and/or due to the introduction of the pedicle screw into the pilot 
hole. If the pedicle (or more specifically, the cortex of the medial wall, lateral wall, 
superior wall and/or inferior wall) is breached, cracked, or otherwise compromised, the 

30 patient may experience pain or neurologic deficit due to unwanted contact between the 
pedicle screw and exiting nerve roots. This oftentimes necessitates revision surgery, 
which is disadvantageous^ painful for the patient and costly, both in terms of recovery 
time and hospitalization. 
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Various attempts have been undertaken at performing pedicle integrity 
assessments. As used herein, the term "pedicle integrity assessment" is defined as 
detecting or otherwise determining whether a part of a pedicle has been breached, 
cracked, or otherwise compromised due to the formation and/or preparation of the pilot 
hole (designed to receive a pedicle screw) and/or due to the introduction of the pedicle 
screw into the pilot hole. "Formation" is defined as the act of creating an initial pilot 
hole in a pedicle, such as through the use of a drill or other hole-forming element. 
"Preparation" is defined as the act of refining or otherwise acting upon the interior of the 
pilot hole to further prepare it to receive a pedicle screw, such as by introducing a tap or 
reamer element into the initial pilot hole* • 'Introduction" is defined as the act of inserting 
or otherwise placing a pedicle screw into the initially formed and/or prepared pilot hole, 
such as by screwing the pedicle screw into the pilot hole via a screw driver or similar 
element 

Among the attempts, X-ray and other imaging systems have been employed; but 
these are typically quite expensive and are oftentimes limited in terms of resolution such 
that pedicle breaches may fail to be detected. 

20 Still other attempts involve capitalizing on the insulating characteristics of bone 

(specifically, that of the medial wall of the pedicle) and die conductivity of the exiting 
nerve roots themselves. That is, if the medial wall of the pedicle is breached, a 
stimulation signal applied to the pedicle screw and/or the pSot hole (prior to screw 
introduction) win cause the various muscle groups coupled to the exiting nerve roots to 

25 contract If the pedicle wall has not been breached, the insulating nature of the pedicle 
will prevent the stimulation signal from innervating the given nerve roots such that the 
associated muscle groups will not twitch. Traditional EMG monitoring systems may be 
employed to augment die ability to detect such innervation. A drawback with such prior 
art systems is that they do not lend themselves to assessing pedicle integrity in cases 

30 where pedicle screws are placed in a percutaneous fashion, such as may be accomplished 
by any number of commercially available percutaneous pedicle screw implantation 
systems. With the anticipated increase in the number of such percutaneous pedicle screw 
procedures, a significant number of patients will be at risk of having misplaced pedicle 
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screws given the lack of a percutaneous manner of performing pedicle integrity 
assessments, 

The present invention is directed at addressing this need and eliminating, or at 
5 least reducing, the effects of the shortcomings of die prior art as described above, 

SUMMARY OF THE INVENTION 
The present invention overcomes the drawbacks of the prior ait by providing, 
according to a fust broad aspect of the present invention, a system for performing 
10 percutaneous pedicle integrity assessments comprising the of: (a) 

introducing an insulation member to a pedicle target site; (b) establishing electrical 
communication between a stimulation element and an interior of a pedicle screw pilot 
hole; (c) applying a stimulation signal to said stimulation element; and (d) monitoring to 
assess whether nerves adjacent said pedicle are innervating as a result of the step of 
1 5 applying said application of stimulation signal "to said stimulation element 

The present invention overcomes the drawbacks of the prior art by providing, 
according to a second broad aspect of the present invention, a method for performing 
percutaneous pedicle integrity assessments comprising fee steps of: <a) percutaneously 
20 introducing^an insulated K-wire into contact with at least one of a pedicle screw and a 
pedicle screw pilot hole; (b) applying a stimulation signal to said K-wtie; and (c) 
monitoring to assess whenSer nerves adjacent said pedicle are innervating as a result of 
the step of applying said stimulation signal to said K-'vire. 

25 The present invention overcomes the drawbacks of the prior art by providing, 

according to a third broad aspect of the present invention, a method for performing 
percutaneous pedicle integrity assessments comprising the steps of: (a) percutaneously 
introducing an insulated member to the approximate opening of a pedicle screw pilot 
hole; {b) introducing a pedicle screw pilot hole preparation tool througi said insulated 

30 member to prepare said pedicle screw pilot hole; (c) applying a stimulation signal to said 
pedicle screw pilot hole preparation tool; and (d) monitoring to assess whether nerves 
adjacent said pedicle are innervating as a result of the step of applying said stimulation 
signal to said pedicle screw pilot hole preparation tool 
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The present invention overcomes the drawbacks of the prior art by providing, 
according to a fourth broad aspect of the present invention, a method for performing 
percutaneous pedicle integrity assessments comprising the steps of: (a) percutaneously 
introducing an insulated K-whe into contact with a pedicle screw pilot hole; (b) applying 
5 a stimulation signal to said K-wire; (c) monitoring to assess whether nerves adjacent said 
pedicle are innervating as a result of the step of applying said stimulation signal to said K- 
wire; (d) percutaneously introducing an insulated member to the approximate opening of 
a pedicle screw pilot hole; (e) introducing a tap member through said insulated member to 
prepare said pedicle screw pilot tide; (f) applying a stimulation signal to said tap 
10 member; and (g) monitoring to assess whether nerves adjacent said pedicle ate 

innervating as a result of die step of applying said stimulation signal to said tap member. 

The present invention overcomes the drawbacks of the prior art by providing, 
according to a fifth broad aspect of the present invention, a system for performing 

1 5 percutaneous pedicle integrity assessments including a body and a stimulation source. 
Hie body having an aperture dimensioned to receive a stimulation element therethrough 
and an insulation region capable of b eing percutaneously introduced to a pedicle target 
site within a patient The stimulation source in electrical communication with said 
stimulation element for selectively applying a stimulation signal to said stimulation 

20 element to assess whether nerves adjacent said pedicle target site innervate as a result of 
applying said stimulation signal to said stimulation element 

But for the systems and methods of the present invention, patients may be released 
and subsequently experience pain and/or neurologic deficit due to unwanted contact 
25 between the exiting nerve root and misplaced pedicle screw, which oftentimes requires 
another costly and painful surgery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a flow chart illustrating the fundamental steps of the percutaneous 
30 pedicle integrity assessment system according to the present invention; 

Figure 2 is a perspective view of an exemplary surgical system 20 capable of 
assessing pedicle integrity according to the present invention; 
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Figure 3 is a block diagram of the surgical system 20 shown in FIG. 2; 

Figure 4 is a side view illustrating the use of first and second exemplary systems 
for assessing pedicle integrity according to the p^sent invention, 

5 

Figure 5 is a side view illustrating the use of third and fourth exemplary systems 
for assessing pedicle integrity according to the present invention; 

Figure 6 is a perspective view of the first exemplary system for assessing pedicle 
10 integrity according to die present invention, comprising a K-wire insulator electrically 
coupled to a handle assembly; 

Figure 7 is a perspective view of die third exemplary system for assessing pedicle 
integrity according to the present invention, comprising a universal insulating assembly 
15 including a handle assembly coupled to an insulating cannula according to the present 
invention; 

Figure 8 is a perspective view illustrating an exemplary electrical coupling 
mechanism capable of being disposed within die handle assembly shown in FIG. 7; 

20 



30 



Figures 9-1 1 are perspective views illustrating insulating cannulas of vaiymg sizes 
and dimensions for use with the handle assembly according to the present invention; 

Figure 12 is a graph illustrating a plot of a stimulation current pulse capable of 
25 producing a neuromuscular response (EMG) of the type shown in FIG. 1 3; 

Figure 13 is a graph illustrating a plot of the neuromuscular response (EMG) of a 
given myotome over time based on a cumnt stimulation pulse (such as shown in FIG. 12) 
applied to a nerve bundle coupled Co the given myotome; 



Figure 14 is an illustrating (graphical and schematic) of a method of automatically 
determining the maximum frequency (Fmw) of the stimulation current pulses awarding to 
one embodiment of the present invention; 



SUBSTITUTE SHEET (RULE 26) 



0ee6-lG8-8S8 



•oui aAiSBAnw Wd9fr:i> S002 SO uep 



WO 2O03AU7I70 



PCT/US2002/035047 



Figure 1 5 is a graph illustrating a plot of EMG response peak-to-peak voltage 
(V pp) for each given stimulation current level (Is,j ro ) forming a stimulation current pulse 
seconding to the present invention {otherwise known as a 'tecruitment curve*'); 

5 Figure 16 is a graph illustrating a traditional stimulation artifact rejection 

technique as may be employed in obtaining each peak-to-peak voltage (Vpp) EMG 
response according to the present invention; 

Figure 17 is a graph illustrating the traditional stimulation artifact rejection 
10 technique of FIG. 16, wherein a large artifact rejection causes the EMG response to 
become compromised; 

* 

Figure 1 8 is a graph illustrating an improved stimulation aftifiact^ection 
technique according to the present invention; 

15 

Figure 1 9 is a graph illustrating an improved noise artifact rejection technique 
according to the present invention; 

Figure 20 is a graph illustrating a plot of a seromuscular response (EMG) over 
20 time (in response to a stimulus current pulse) showing the manner in which voltage 
extrema (V M « or mo). {Vm* w m») occur at times Tl and T2, respectively; 

Figure 21 is a graph illustrating a histogram as may be employed as part of a Tl, 
T2 artifact rejection technique according to an alternate embodiment of the present 
23 invention; 

Figures 22A-22E are graphs illustrating a current fhresbold-hunting algorithm 
according to one embodiment of the present invention; 

30 Figure 23 is a series of graphs illustrating a multi-channel current threshold- 

hunting algorithm according to one embodiment of the present invention; 
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Figures 24-25 are exemplary screen displays illustrating one embodiment of the 
pedicle integrity assessment feature of the present invention; and 

Figures 26-28 are exemplary screen displays illustrating another embodiment of 
5 the pedicle integrity assessment feature of the present invention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It 

1 0 will of course be appreciated that in the development of any such actual embodiment* 
numerous implementation-specific decisions must be made to achieve the developers' 
specific goals, such as compliance with system-related and business-related constraints, 
which will vary from one implementation to another. Moreover, it will be appreciated 
that such a development effort might be complex and time-consuming, but would 

1 5 nevertheless be a routine undertaking for those of ordinary skill in the art having the 
benefit of this disclosure. The systems disclosed herein boast a variety of inventive 
features and components that warrant patent protection, both individually and in 
combination. 

20 The present invention is directed at performing percutaneous pedicle integrity 

assessments. FIG- 1 Qhistrates die fundamental method steps according to the present 
invention, namely: (a) percutaneously introducing an insulation member to a pedicle 
target site; (b) establishing electrical communication between a stimulation element and 
an interior of a pedicle screw pilot hole; (c) applying a stimulation signal to the 

25 stimulation element; and (d) monitoring to assess whether nerves adjacent the pedicle ate 
innervating as a result of the step of applying the stimulation signal to the stimulation 
element. 

The step of percutaneously introducing an insulation member to a pedicle target 
30 site may be accomplished in any of a variety of suitable fashions, including but not 

limited to providing the insulation member as a tubular insulation member dimensioned 
to receive and pass through at (east one of a K-wire and a pedicle screw pilot hole 
preparation tool, such as a tap member. It may also be accomplished by providing a K- 

wire having an insulated coating with an exposed, electrically conductive distal end, as 

.7 
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welt as a tap member having an insulated coating with an exposed, electrically conductive 
threaded region* The pedicle target site may, by way of example only, comprise at least 
one of a fully inserted pedicle screw and the opening of at least one of an initially formed 
pedicle screw pilot hole and a prepared pedicle screw pilot hole, depending upon the 
5 insulation member employed. 

The step of establishing electrical communication between a stimulation element 
and an interior of a pedicle screw pilot hole may be accomplished in any of a variety of 
suitable fashions, including but not limited to disposing a K-wire through a K-wire 

10 insulator such that a distal tip of the K-wire contacts a folly inserted pedicle sciew, which 
itself is in electrical communication with the interior of the pedicle screw pilot hole. It 
may also be accomplished by disposing a K-wire through a K-wire insulator such that the 
distal tip oftheK-wtre contacts me interior of the pedicle sctew pilot hole. In yet another 
exemplary embodiment, it may be accomplished by bringing a stimulation element (such 

15 as a K-wire and/or electrical coupling device) into contact with a tap member disposed 
through the insulation member. When a K-wire constitutes the stimulation element, it 
may be useful to provide the tap member with a longitudinal lumen for receiving and 
passing the K-wire therethrough to establish electrical communication therebetween. 

i0 The step of applying a stimulation signal to the stimulation element may be 

accomplished in any number of suitable feshions, including but not limited to applying 
voltage and/or current pulses of varying magnitude and/or frequency to the stimulation 
element hi a preferred embodiment, the stimulation signal may be applied to the 
stimulation element after me initial pilot hole has been formed, after the pilot hole has 

15 been prepared (such as with a tap member) and/or after the pedicle screw has been fully 
inserted into the pilot hole. 

The step of monitoring to assess whether nerves adjacent the pedicle are 
innervating as a result of the step of applying the stimulation signal to the stimulation 
>0 element may be accomplished in any number of suitable fashions, including but not 
limited to visual inspection of the muscle groups associated with a particular nerves, as 
well as the use of evoked muscle action potential (EMAP) monitoring techniques (that is, 
measuring the EMG responses of muscle groups associated with a particular nerve). 
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Although shown and described within the context of a particular exemplary 
system having a stimulation source and monitoring capacity, it wiB be appreciated by 
those skilled in the art that any number of systems for providing a stimulation signal and 
for monitoring to assess pedicle breach may be employed without departing from the 
5 scope of the present invention. 

In a further aspect of the present invention, information relating to Ihe step of 
assessing whether nerves adjacent the pedicle are innervating as a result of the step of 
applying the stimulation signal to die stimulation element may be communicated to the 

\ 0 user. This information may include, but is not necessarily limited to, visual 

representations of Ihe actual stimulation threshold of an exiting nerve root alone or in 
combination with the stimulation threshold of a bare nerve root (with or without the 
difference therebetween), as well as color coded graphics to indicate general ranges of 
pedicle integrity (i.e. "green" for a range of stimulation thresholds above a predetermined 

15 safe value - radicating "breach unlikely", "red" for range of stimulation thresholds below 
a predetermined unsafe value - indicating "breach likely 3 *, and "yellow" for the range of 
stimulation thresholds between the predetermined safe and unsafe values- indicating 
"possible breach**). This is a significant feature, and advantage over the prior art, in that 
it provides a straightforward and easy to interpret representation as to whether a pedicle 

20 has been breached, cracked, or otherwise compromised due to die formation and/or 

preparation of die pilot hole and/or due to the introduction of Ihe pedicle screw into the 
pilot hole. 

Identifying such a potential breach is helpful in that it prevents or minimizes the 
25 chance that a misplaced pedicle screw (that is, one breaching a wall of the pedicle) will be 
missed until after the surgery. Instead, any such misplaced pedicle screws, when 
stimulated according to the present invention, wiD produce an EMG response at a 
myotome level associated with the nerve in close proximity to the pedicle screw that is 
breaching the pedicle walL This will indicate to the surgeon that die pedicle screw needs 
30 to be repositioned. 

FIGS. 2-3 illustrate* by way of example only, a surgical system 20 provided in 
accordance with a broad aspect of the present invention. The surgical system 20 includes 

a control unit 22, a patient module 24, ar EMG harness 26 and return electrode 28 
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coupled to the patient module 24, and a host of pedicle screw test accessories 30 capable 
of being coupled to the patient module 24 via an accessory cable 32 m combination with a 
handle assembly 36. In the embodiment shown, the pedicle screw test accessories 3D 
include (by way of example only) a K-wire insulator 34, a universal insulating assembly 
5 38, and a clampbg-style electrical coupler 35. As will be described in greater detail 
below, a K-wire 37 and a tap member 39 are shown, by way of example, as exemplary 
stimulation elements according to the present invention. The K-wire 37 may be 
electrically coupled to the control unit 22 and/or patient module 24 (so as to receive a 
stimulation signal) through the use of the K-wire insulator 34, the universal insulating 
< *0 assembly 3» and/or the electrical coupler 35 (provided the K-wire 37 is insulated in some 
manner). The tap member 39 may be electrically coupled to the control unit 22 and/or 
patient module 24 (so as to receive a stimulation signal) through the use of the universal 
iiisulating assembly 38, the electrical coupler 35 (provided the tap member 39 is insulated 
in some manner) and/or by bringing a stimulation element into contact with the nip 
1 5 member 3 % such as by (for example) providing a longitudinal c simulation within the tap 
member 39 and disposing an electrically coupled K-wire 37 therein. 

The control unit 22 includes a touch screen display 40 and a base 42, which 
collectively contain the essential processing capabilities for controlling the surgical 

20 system 20. Hie patient module 24 is connected to the control unit 22 via a data cable 44, 
which establishes the electrical connections and communications (digital and/or analog) 
between the control unit 22 and patient module 24. Trie main functions of the control unit 
22 include receiving user commands via the touch screen display 40, activating 
stimulation, processing signal data according to defined algorithms (described below), 

25 displaying received parameters and processed data, and monitoring system status and 
reporting fault conditions. The touch screen display 40 is preferably equipped with a 
graphical user interface (GUI) capable of communicating information to the user and 
receiving instructions from the user. The display 40 and/or base 42 may contain patient 
module interface circuitry that commands the stimulation sources, receives digitized 

30 signals and other information from the patient module 24, processes the EMG responses 
to extract characteristic information for each muscle group, and displays the processed 
data to the operator via the display 40. 

10 
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As will be described in greater detail below, the surgical system 20 is capable of 
performing pedicle integrity assessments after the formation of the pilot hole, after 
preparation of the pilot hole, and/or after pedicle screw placement Surgical system 20 
accomplishes this by having the control unit 22 and patient module 24 cooperate to send 

5 stimulation signals to one or more stimulation electrodes or electrode regions on the 

various pedicle screw test accessories 30. Depending upon effect of pilot hole formation, 
pilot hole preparation and/or pedicle screw introduction (namely, on die bone forming the 
pedicle), Hie stimulation signals may cause nerves adjacent to or in the general proximity 
of the K-wire 37 and/ox tap member 39 to innervate, which, in turn, can be monitored via 

1 0 the EMG harness 26. Hie pedicle integrity assessment feature of the present invention 
are based on assessing the evoked response of the various muscle myotomes monitored 
by the surgical system 20 via EMG harness 26. 

The accessory handle assembly 36 includes a cable 55 for establishing electrical 

15 communication wife £he patient module 24 (via the accessory cable 32). In a preferred 
embodiment, each pedicle screw test accessory 30 (namely, K-wire insulator 34, universal 
insulating assembly 3S, and electrical coupler 35} includes a proximal electrical connector 
56, a distal electrical connector (described below), and an electrical cable 57 extending 
therebetween. -Hie proximal electrical connector 56 is preferably threaded and designed 

20 to engage* with the distal errf 59 of the handle assembly 36. In this fashion, the screw test 
accessories 30 may be quickly and easily coupled (electrically and mechanically) to the 
accessory handle assembly 36- The distal electrical connector of the K-wire insulator 34 
and universal insulating assembly 38 may comprise any number of suitable mechanisms 
for establishing electrical communication with an instrument passing therethrough (such 

25 as a K-wire 37 passing through the K-wire insnlator 34 and/or the universal insulating 
assembly 38, and such as a tap member 39 extending through the universal insulating 
assembly 38). In a preferred embodiment, the distal electrical connectors within the 
universal insulating assembly 38 will be capable of expanding, moving or otherwise 
accommodating instruments of varying diameters according to die present invention. The 

30 distal electrical connector of the coupler 35 may include any number of suitable electrode 

or electrode regions (including protrusions) on or about the distal (or pinching) ends of 

the clamp arms 61 forming the coupler 35. Corresponding regions (such as electrodes or 

electrode regions - including indentations) may be provided on die K-wire 37, the tap 

member 39, such as where such devices ~e to be directly coupled to the handle assembly 

11 

SUBSTITUTE SHEET (RULE 26) 



WO 2003>037170 



PCT/DS2002/03^U7 



36 (i.e. where K-wire 37 and/or tap member 39 are disposed through insulating elements 
that do not include distal electrical connectors) according to the present invention. 

In all situations, the user may operate one or more buttons of the handle assembly 
5 36 to selectively initiate a stimulation signal (preferably, a current signal) from the patient 
module 24 to the pedicle probe 56. With the K-wire 37 and/or tap member 39 touching 
the interior wall of the fully formed pilot hole and/or the K-wire 37 touching the folly 
introduced pedicle screw, applying a stimulation signal in this fashion serves to test the 
integrity of tibc medial wall of the pedicle. That is, a breach or compromise in the 

10 integrity of the pedicle will allow the stimulation signal to pass through the pedicle and 
innervate an adjacent nerve root By monitoring the myotomes associated with (he nerve 
roots (via the EMG harness 26 and recording electrode 27) and assessing the resulting 
EMG responses (via the control unit 22), the surgical system 20 can assess whether a 
pedicle breach occurred during hole formation and/or screw introduction. If a breach or 

1 5 potential breach is detected, the user may simply withdraw the misplaced pedicle screw 
and redirect to ensure proper placement 



FIG. 4 illustrates two exemplary manners of performing pedicle integrity 
assessments according to the present invention, one employing the K-wire insulator 34 

20 and one employing the electrical coupler 35. With combined reference with FIG. 6, the 
K-wire insulator 34 accotding to the present invention includes an elongate insulating 
body 60 having a tapered distal end 63, open distal and proximal ends, and a lumen or 
canmilation extending therebetween dimensioned to receive and pass the K-wire 37. A 
cap element 64 is provided for placement m the proximal end of the insulating body 60. 

25 The cap element 64 has a lumen therewithin dimensioned to pass the K-wire 37 and 

includes the distal electrical connector (not shown) coupled to die electrical cable 57. As 
shown in FIG* 4, the K-wire insulator 34 may be advanced to the pedicle target site in a 
percutaneous fashion, by either establishing a virgin approach to the pedicle target site or 
by passing through a previously established percutaneous corridor (such as may be left or 

30 formed by commercially available percutaneous pedicle screw placement systems). This 
process may be facilitated by first establishing a pilot hole through the use of a so-called 
Jam-Sheede needle (comprising ad inner rigid needle element disposed within a rigid 
outer needle element), after which point the inner rigid needle element is removed such 
that the K-wire 37 may be introduced m^ the pilot hole. The outer rigid needle element 
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of the Jam-Sheede device may then be removed, leaving (he K-wire 37 in place. The K- 

- wire insulator 34 may then be advanced over the K-wire 37, Once the distal end 63 of the 

K-wire insulator 34 abuts the opening of the pedicle pilot hole, buttons 64 on the handle 

member 36 may be employed to apply the stimjjfahon signal to the K-wire 37. In this 

5 fashion, the majority of the K-wire 37 is insulated from the surrounding tissue, while the 

distal end of the K-wire 37may be brought into direct contact with the pilot hole to 

* 

perform pedicle integrity assessments according to one embodiment of the present 
invention. As will be appreciated, this same technique could be employed to bring the 
stimulation electrode or electrode region of the K-wire 37 into contact with a portion of a 
( 0 fully inserted pedicle screw (not shown). 

FIG. 4 also illustrates that the electrical coupler 35 may be employed to perform 
pedicle integrity assessments, by way of exaiiq>le ordy, by esUblishing electrical 
communication between the fully inserted tap member 39 and the interior surface of the 

1 5 now-prepared pilot bole. The electrical coupler 35 accomplishes this by engaging the 
electrode or electrode regions on the opposing clamping arms 61 against a portion of the 
proximal end of the tap member 39. To facilitate this, the tap member 39 may be 
equipped with indentations or similar features tor matingly engaging with corresponding 
features on the distal regions of the clamping arms 61 . In the embodiment shown, an 

10 insulated cannula 66 is provided for insulating all but the exposed distal and proximal 
ends of the tap member 39. As with die body 60 of the K-wire insulator 34, the insulated 
cannula 66 is preferably equipped with a tapered distal end 67. In use, the tap member 39 
will be advanced through the insulated cannula 66 (such as by being passed over a K-wire 
37 via an internal cumulation) and rotated to prepare threads along the interior of the 

15 pilot hole. After the pilot hole has been fully prepared in this fashion (that is, to the fiill 
or approximately full depth of the pilot hole), the handle member 36 may be used to apply 
the stimulation signal to the electrical coupler 35 which, in turn, transmits this stimulation 
signal to the interior of the prepared pilot hole to perform pedicle integrity assessments 
according to another embodiment of the present invention. If the pedicle has not been 

30 breached, the tap member 39 may then be removed and a pedicle screw introduced into 
fee prepared pilot hole. By selecting a pedicle screw having the same approximate 
/ characteristics (i.e. pitch, thread height, diameter, length, etc...) as the tapping (distal) 
portion of the tap member 39, the need to perform further pedicle integrity assessments 
after fall introduction of the pedicle scrt may be obviated. 

SUBSTITUTE SHEET (RULE 26) 



SI *d 



oees-ie8-8se 



WO 2003/037370 PCT/US2002/035047 



FIG, 5 illustrates two more exemplary maimers of performing pedicle integrity 
assessments according to the present invention, one employing the universal insulating 
assembly 38 and one employing the electrical coupler 35. With combined reference to 
FIGS. 7-11, the universal insulating assembly 38 includes a handle assembly 68 ami an 
5 insulated cannula 70 extending fiom the distal portion of the handle assembly 68/ As best 
seen in FIG. 7, the handle assembly 68 includes a housing member 71 and an electrical 
connector port 72 for connection with the electrical cable 57. With reference to FIG. 8, 
thehousing member 71 contains a universal electrical coupling mechanism 73 
comprising, by way of example, a plurality of contact elements 74 (in this case springs 
10 extending between posts 75). A lumen 76 is provided (by way of example only) m the 
approximate center of (and extending between) upper and lower base members 77. The 
contact elements 74 are positioned in a transverse fashion such that they intersect 
generally in the same plane as the center of the lumen 76. In this fesMon f .any metallic or 
conductive instrument passed through the lumen 76 will be brought into contact with the 

15 contact elements 74, thereby providing the ability to apply an electrical signal to the 
instrument Moreover* the contact dements 74 are capable of moving, expanding, or 
otherwise accommodating instruments having a variety of diameters. As best shown in 
FIGS. 9-1 1, the insulated cannula 70 may be provided having any number of different 
lengths and widths, depending upon the device to be passed through it A threaded base 

20 member 78 is preferably coupled to each insulated cannula 70 to facilitate coupling die 
particular insulated cannula 70 to a corresponding threaded portion on the distal region of 
the housing member 7 ) . In this fashion, a surgeon may quickly and easily change 
between any of a variety of insulating cannulas 70 depending upon the application (Le. 
depth to the pedicle target site) and the device to be passed therethrough (ie. the tap 

25 member 39 as shown in FIG. 5). 

The insulating cannula 70 serves to isolate a portion of the instrument as it is 

passed through the handle assembly 68. In this fashion, the insulating cannula 70 may be 

advanced to a pedicle target site, such as to the opening of a pedicle pilot hole as shown 

30 in FIG. 5. Although not shown, it is to be readily appreciated that the present invention 

also contemplates advancing the distal end of the insulating cannula 70 over or in general 

abutment with a proximal portion of a percutaneously placed pedicle screw) pedicle 

screw. In either instance, an instrument or device (such as, by way of example, K-wiie 37 

or the tap member 39, depending upon th~ situation) may be passed through die handle 

14 
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member 68 until die tip of the instrument reaches either the initially formed pilot bole, the 
fully prepared pilot hole, and/or the fully introduced pedicle screw. The insulating 
cannulas 70 axe of varying size depending upon the particular target site and surgical 
application, but may preferably be provided ranging from 0 inches to 24 inches in length 
5 and of any diameter suitable to pass the instrument of interest. 

FIG. 5 also illustrates a variant of the embodiment shown in FIG. 4, except that 
the insulated cannula 66 is specifically dimensioned to pass the K-wire 37, as opposed to 
larger diameter instruments such as the tap member 39 as shown in FIG, 4. In this 

10 instance, the electrical coupler 35 may be used to establish electrical communication 
between the K-wire 37 and the interior of a pilot hole. With the distal end of the K~ wire 
37 in such electrical communication with the interior of the pilot hole, the handle 
assembly 36 may be employed to apply the stimulation sig^l to perform a pedicle 
integrity assessment according to the present invention. Placement of the K-wire 37 

1 5 within the pilot hole, and the advancement of the insulated cannula 66, may be the same 
as described above with reference to the Jam-Sheede device described above. 

As noted above, the system 20 described generally above is exemplary of a system 
including a stimulation source and monitoring capacity for use in performing pedicle 
20 integrity assessment according to the present invention. It wiD be appreciated by those 
^ skilled in the art, however, that any number of systems for providing a stimulation signal 
and for monitoring to assess pedicle breach may be employed without departing from the 
scope of the present invention. That said, the following discus&on elaborates or die 
particular algorithms and principles behind the neurophysiology for performing pedicle 
25 integrity assessments according to the exemplary embodiment shown (system 20 of FIGS. 
2-3) according to the present invention. 

FIGS. 12 and 13 illustrate a fundamental aspect of the present invention: a 
stimulation signal (FIG. 12) and a resulting evoked response (FIG. 13). By way of 
30 example only, the stimulation signal is preferably a stimulation current signal (Istim) 

having rectangular monophasic pulses with a frequency and amplitude adjusted by system 
software. In a still further preferred embodiment; the stimulation current (Isam) may be 
coupled in any suitable fashion (Le. AC or DC) and comprises rectangular monophasic 

pulses of 200 microsecond duration. Thr amplitude of the current pulses may be fixed, 

15 
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bat will preferably sweep from current amplitudes of any suitable range, such as from 2 to 
1 00 mA. For each nerve and myotome there is a characteristic delay from the stimulation 
current pulse to the EMG response (typically between 5 to 20 ms). To account for this, 
the frequency of the current pulses is set at a suitable level such as, in a preferred 
5 embodiment, 4 Hz to 10 Hz (and most preferably 4.5 Hfc), so as to prevent stimulating the 
nerve before it has a chance to recover from depolarization. The EMG response shown in 
FIG. 13 can be characterized by a peak-to-peak voltage of Vpp« V™* - 

FIG. 14 illustrates an alternate manner of setting the maximum stimulation 
10 frequency, to the extent it is desired to do so rather than simply selecting a fixed 

maximum stimulation frequency (such as 4.5 Hz) as described above. According to this 
embodiment, die maximum frequency of the stimulation pulses is automatically adjusted. 
After each stimulation, Fmax will be computed as: Fmax - 1/(T2 + T^ for the 
largest value of T2 from each of the active EMG channels. In one embodiment, the 
15 Safety Margin is 5 ms, although it is contemplated that this could be varied according to 
any number of suitable durations. Before the specified number of stimulations, the 
stimulations win be performed at intervals of 100-120 ms during flie bracketing state, 
intervals of 200-240 ms during the bisection state, and intervals of 400-4B0 ms during the 
monitoring state. After the specified immberof stimulations, the stimulations will be 
20 performed at the fastest interval practical (but no faster than Fmax) during the bracketing 
slate, the fastest interval practical (but no taster than Fmax/2) during the bisection state, 
and die fastest interval practical (but no faster than Fmax/4) during the monitoring state. 
The maximum frequency used until V m is calculated is preferably 10Hz, although slower 
stimulation frequencies may be used during some acquisition algorithms. The value of 
25 Fmax used is periodically updated to ensure that it is still appropriate. For physiological 
reasons, the maximum frequency for stimulation will be set on aper-patient basis. 
Readings will be taken from all myotomes and fee one with the slowest frequency 
(highest T2) will be recorded. 

30 A basic premise behind the neurophysiology employed in the present invention is 

that each nerve has a characteristic threshold current level (In***) at which it will 
depolarize. Below this ftreshold, current stimulation will not evoke a significant EMG 
response (Vpp). Once die stimulation threshold (I-rhrwh) is reached, the evoked response is 

reproducible and increases with increasin- simulation until saturation is reached- This 
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relationship between stimulation current and EMG response may be represented 
graphically via a so-called "recruitment curve," such as shown in FIG, 15, which includes 
an onset region, a linear region, and a saturation region. By way of example only, the 
present invention defines a significant EMG response to have a Vpp of approximately 
5 100 uV. In a preferred embodiment! the lowest stimulation current that evokes this 
threshold voltage (Vihnsh) is called lj^. As will be described in greater detail below, 
changes in the current threshold (1-rhresh) may be indicative of a change in the degree of 
electrical communication between a stimulation electrode and a nerve. This is helpful in 
assessing if a screw or similar instrument has inadvertently breached the cortex of a 

10 pedicle. More specifically, where an initial determination of Oih^l such as by applying 
a stimulation current to the interior of a hole created to receive a pedicle screw, is greater 
than a later determination of (*rhroh)> such as by applying a stimulation current to the tip 
of the pedicle screw after insertion, the decrease inl-n^sb, if large enough, may indicate 
electrical communication between the pedicle screw and the nerve. Based on the 

1 5 insulation properties of bone, such electrical communication would indicate a breach of 
the pedicle. 

In order to obtain this useful information, the present invention must first identify 
the peak-to-peak voltage (Vpp) of each EMG response corresponding a given stimulation 

20 current (I sum)- The existence stimulation and/or noise artifacts, however, can conspire to 
create an erroneous Vpp measurement of the electrically evoked EMG response. To 
overcome this challenge, the surgical system 20 of the present invention may employ any 
number of suitable artifact rejection techniques, including the traditional stimulation 
artifact rejection technique shown in FIG. 16. Under this technique, stimulation artifact 

25 rejection is undertaken by providing a simple artifact Section window Tlw^ 

beginning of the EMG waveform. During this Tl window, the EMG waveform is 
ignored and Vpp is calculated based on the max and min values outside this window. (Tl 
is the time of the first extremum (mm or max) and T2 is fte time of the second 
extremum.) In one embodiment, the artifact rejection window Tl win may be set to about 

30 7.3 msec. While generally suitable, there are situations where this stimulation artifact 
rejection technique of FIG. 1 6 is not optimum, such as in the presence of a large 
stimulation artifact (see FIG. 17). The presence of a large stimulation artifact causes the 
stimulation artifact to cross over the window Tl ww and blend in with the EMG. Making 
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thestimuiation artifact window larger is not effective, since there is no clear separation 
between EMG and stimulation artifact 

FIG. 18 illustrates a stimulation artifact rejection technique according to the 
5 present invention, which solves the above-identified problem with traditional stimulation 
artifact rejection. Under this technique, a Tl validation window (TI-Vwin) is defined 
immediately following the Tl window (Tl WIN ). if the determined Vpp exceeds the 
threshold for recruiting,, but Tl falls within this Tl validation window, then the 
stimulation artifact is considered to be substantial and the EMG is considered to have not 

10 recruited. An operator may be alerted, based on the substantial nature of the stimulation 
artifact Ibis method of stimulation artifact rejection is thus able to identify situations 
where the stimulation artifact is large enough to cause the Vpp to exceed roe recruit 
threshold. To account for noise, the Tl validation window (TI-V^n) should be within 
the range of 0.1 ms to 1 ms wide (preferably about 0.5 ms). Hie Tl validation window 

15 (Tl -Vwin) should not be so large that the Tl from an actual EMG waveform could fall 
within. 

FIG. 1 9 illustrates a noise artifact rejection technique according to the present 
invention. When soke artifacts fall in the time window where an EMG response is 

20 expected, their presence can be difficult to identify. Artifacts outside the expected 
response window, however, are relatively easy to identify, Ihe present invention 
capitalizes on this and defines a T2 validation window (T2-Vww) analogous to the Tl 
validation window (TI-V^in) described above with reference to FIG. 18. As shown, T2 
must occur prior to a defined limit, which, according to one embodiment of Ihe present 

25 invention, may be set having a range of between 40 ms to 50 ms (preferably about 47 
ms). If the Vpp of the EMG response exceeds the threshold for recruiting, but T2 fells 
beyond fee T2 validation window (T2-V ww ), then the noise artifact is considered to be 
substantial and the EMG is considered to have not recruited. An operator may be alerted, 
based on the substantial nature of die noise artifact. 

30 

FIG. 20 illustrates a still further manner of performing stimulation artifact 
rejection according to an alternate embodiment of the present invention. This artifact 
rejection is premised on the characteristic delay from the stimulation current pulse to the 
. EMG response. For each stimulation cui nt pulse, die time from the current pulse to the 
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first externum (max or mm) is Ti and to the second extremum (max or min) is T 2 . As 
will be described below, the values of Ti, T? are each compiled into a histogram period 
(see FIG. 21). New values of Ti , T 2 are acquired for each stimulation and rJie histograms 
are continuously updated. The value of Ti and T 2 used is the center value of the largest 
5 bin in the histogram. The values of Tj, T* are continuously updated as the histograms 
change. Initially Vpp is acquired using a window that contains the entire EMG response. 
' After 26 samples, the use of T u Tj windows is phased in over a period of 200 samples. 
Vmax and Vmir* are then acquired only during windows centered around Tt, T? with 
widths o£ by way of example only, 5 msec. This method of acquiring Vpp automatically 
1 0 rejects the artifact if Tj or fall outside of their respective windows. 

Having measured each Vpp EMG response (as facilitated try the stimulation 
and/or noise artifact rejection techniques described above), this Vpp informatioii is then 
analyzed relative to the stimulation current in order to determine a relationship between 

15 the nerve and the given srimularicn element transmitting the stimulation current More 
specifically, the present invention determines these relationships (between nerve and the 
stimulation element) by identifying the minimum stimulation current Omresh) capable of 
resulting in a predetermined Vpp EMG response. According to the present invention, the 
determination of 1-nuwh may be accomplished via any of a variety of suitable algorithms or 

20 techniques. 

FIGS. 22A-22E illustrate, by way of example only, a threshold-hunting algorithm 
for quickly finding the threshold current (iThitsh) for each nerve being stimulated by a 
given stimulation current (Istim). Threshold current (ImesbX oncc again, is the mmmaurn 

25 stimulation current (lsW> that results in a Vpp that is greater than a known threshold 
voltage (Vnveh). The value of is adjusted by a bracketing method as follows. The first 
bracket is 0.2 mA and 03mA. If the Vpp corresponding to both of these stimulation 
currents is lower than VThresh, then the bracket size is doubled to 02mA and 0.4mA. 
This doubling of the bracket size continues until the upper end of the bracket results in a 

30 Vpp that is above VThresh. The size of the brackets is then reduced by a bisection 
method. A current stimulation value at the midpoint of the bracket is used and If this 
results in a Vpp that is above VThresh, then the lower half becomes the new bracket 
Likewise, if the midpoint Vpp is below VThresh then the upper half becomes the new 
bracket This bisection method is used u ^ il the bracket size has been reduced to lrbn& 
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mA. Innah may be selected as a value falling within the bracket, but is preferably defined 
as the midpoint of the bracket 

The threshold-hunting algorithm of this embodiment will support three states: 
5 bracketing, bisection, and monitoring. A stimulation current bracket is a range of 

stimulation currents that bracket the stimulation current threshold Iti«*. The width of a 
bracket is the upper boundary value minus the lower boundary value. If the stimulation 
current threshold Irhresb of a channel exceeds the maximum stimulation current, that 
threshold is considered out-of-range. During the bracketing state, threshold hunting will 
1 0 employ the method below to select stimulation currents and identify stimulation current 
brackets.fbr each EMG channel in range. 

The method for finding the minimum stimulation current uses the methods of 
bracketing and bisection. The "roof is identified for a function feat has the value -1 for 

1 5 stimulation currents that do not evoke adequate response; the function has the value +1 
for stimulation currents that evoke a response. The root occurs when the function jumps 
from -1 to 4-1 as stimulation current is increased: the function never has the value of 
precisely zero. The root will not be known exactly, but only with a level of precision 
related to the minimum bracket width. The root is found by identifying a range that must 

20 contain the root The upper bound of this range is the lowest stimulation current 

where the function returns the value +1, i.e. the minimum stimulation current that evokes 
response. The lower bound of this range is the highest stimulation current l-n^ where 
the function returns the value -1 , i.e. the maximum stimulation current that does not 
evoke a response. . • 

25 

The pedicle integrity assessment function may begin by adjusting the stimulation 
current until the root is bracketed (FIG. 22B). The initial bracketing range may be 
provided in any number of suitable ranges. In one, embodiment, the initial bracketing 
range is 0,2 to 0.3 mA. If the upper stimulation current does not evoke a response, the 
30 upper end of the range should be increased. The range scale factor is 2. The stimulation 
current should preferably not be increased by more than 1 0 mA in one iteration. The 
stimulation current should preferably never exceed die programmed maximum 
stimulation current For each stimulation, the algorithm will examine the response of each 

20 
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active channel to determine whether it fells within that bracket. Once the stimulation 
current threshold of each channel has been bracketed, the algorithm transitions to lhe 
bisection state, 

5 During the bisection state (FIGS. 22C and 22D), threshold hunting will employ 

the method described below to select stimulation currents and narrow the bracket to a 
selected width (for example, 0, 1 mA) for each EMG channel with an in-range threshold. 
After the nunimum stimulation current has been bracketed (FIG. 22B), the range 
containing the root is refined until the root is known with a specified accuracy. The 

10 bisection method is used to refine the range containing the root In one embodiment, the 
root should be found to a precision of 0.1 inA- During the bisection method, the 
stimulation current at the midpoint of the bracket is used. If the stimulation evokes a 
response, the bracket shrinks to the lower half of the previous range. If the stimulation 
fails to evoke a response, the bracket shrinks to the upper half of the previous range. The 

15 proximity algorithm is locked on the electrode position when the response threshold is 
bracketed by stimulation currents separated by the selected width (Le. 0. 1 mA). The 
process is repeated for each of the active channels until all thresholds are precisely 
known. At that time, the algorithm enters the monitoring state. 

20 After identifying the threshold current Inrah, this mformation may be employed to 

determine any of a variety of relationships between the screw test accessory and the 
nervei For example, as will be described in greater detail below, when determining the 
current threshold I-jhra of a nerve during pedicle integrity assessment, Che relationship 
between the pedicle testing assembly 36 and the nerve is whether electrical 

25 communication is established therebetween. If electrical communication is established, 
this indicates that the medial wall of the pedicle has been cracked, stressed, or otherwise 
breached as a result of pilot hole formation, pilot hole preparation, and/or screw 
introduction. If not, this indicates that the integrity of the medial wall of the pedicle has 
remained intact This characteristic is based on the insulating properties of bone. 

30 

In a significant aspect of the present invention, the relationships determined above 
based on the current threshold determination may be communicated to the user in an easy 
to use format, including but not limited to, alpha-numeric and/or graphical information 
regarding pedicle integrity assessments, stimulation level, EMG responses, instrument in 
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use, set-up, and related instructions for foe user. This advantageously provides the ability 
to present simplified yet meaningful data to the user, as opposed to the actual EMG 
waveforms that are displayed to the users in traditional EMG systems. Due to the 
complexity in interpreting EMG waveforms, such prior art systems typically require an 
5 additional person specifically trained in such matters which, in turn, can be 

disadvantageous in that it translates into extra expense (having yet another highly trained 
person in attendance) and oftentimes presents scheduling challenges because most 
hospitals do not retain such personnel. 

0 When employed in spinal procedures, for example, such EMG monitoring would 

preferably be accomplished by connecting the EMG harness 26 to the myotomes in the 
patient's legs corresponding to the exiting nerve roots associated with the particular spinal 
operation level. In a preferred embodiment, this is accomplished via 8 pairs of EMG 
electrodes 27 placed on the skin over the major muscle groups on the legs (four per side), 

5 an anode electrode 29 providing a return path for the stimulation current, and a common 
electrode 31 providing a ground reference to pre-amplifiers in the patient module 24. 
Although not shown, it will be appreciated that any of a variety of electrodes can be 
employed, including but not limited to needle electrodes. Hie EMG responses measured 
via the EMG harness 26 provide a quantitative measure of the nerve depolarization 

0 caused by the electrical stimulus. By way of example, the placement of EMG electrodes 
27 may be undertaken according to the manner shown in Table 1 below for spinal 
surgery: 



Table 1 



Color 


Channel D> 


Myotome 


Spinal Level 


Blue 


Right 1 


Rigfat Vastus Medialis 


L2,L3,L4 


Violet 


Right 2 


Right TibiaKsAnterior 


L4,L5 


Grey 


Rights 


Right Biceps Femoris 


L5, S1,S2 


White 


Right 4 


Right Gastroc. Medial 


SI, S2 


Red 


Left 1 


Left Vastus Medialis 


L2,L3.L4 


Orange 


Left 2 


Left Tibialis Anterior 


L4.L5 


Yellow 


Left3 > 


Left Biceps Femoris 


L5,S1,S2 


Green 


Left 4 


Left Gastroc. Medial 


Si,S2 
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With reference again to FIGS. 2-3, the surgical system 20 performs pedicle 
integrity assessments via, by way of example only, fee use of pedicle testing accessories 
30 in combination with the handle assembly 36. More specifically, upon pressing the 
button on the screw test handle 36, the software will execute a testing algorithm to apply 
5 a stimulation current to the particular target (i.e. pilot holes inserted pedicle screw, or bare 
nerve), setting in motion the pedicle integrity assessment function of the present 
invention. The pedicle integrity assessment features of tiier^esemixiventiontnayincliide, 
by way of example only, an "Actual" mode (FIGS. 24-25) for displaying the actual 
stimulation threshold 91 measured for a given myotome, as well as a "Relative" mode 
10 (FIGS> 26-28) for displaying the difference 92 between a baseline stimulation threshold 
assessment 93 of a bare nerve root and an actual stimulation threshold assessment 91 for a 
given myotome. In either case, the surgical accessory label 84 displays the word 
^CREW TEST' to deiKrte use of to 

integrity assessments. The screw test algorithm according to the present invention 
15 preferably determines the depolarization (threshold) current for all responding EMG 

channels. In one embodiment, the EMG channel tabs 82 may be configured such that the 
EMG channel having the lowest stimulation threshold will be automatically enlarged 
and/or highlighted and/or colored (EMG channel tab R3 as shown in FIG. 24) to clearly 
indicate this fact to the user. As shown m FIG. 25, this feature may be overridden by 
20 manually selecting another EMG channel tab (such as EMG channel tab Rl in FIG. 25) 
by touching the particular EMG channel tab 82 on the touch screen display 40. In this 
instance, a warning symbol 94 may be provided next to the EMG channel tab having the 
lowest stimulation threshold (once again, EMG channel tab R3 in FIG. 24) to inform the 
user that the stimulation threshold 91 is not the lowest stimulation threshold. 

25 

Any number of the above-identified indicia (such as the baseline stimulation 93, 
actual stimulation 9 1 , difference 92, and EMG channel tabs 82) may be color-coded to 
indicate general safety ranges (Le. "green" for a range of stimulation thresholds above a 
predetermined safe value, ^red 1 ' for range of stimulation thresholds below a 
30 predetermined unsafe value, and "yellow" for the range of stimulation thresholds in 
between the predetermined safe and unsafe values - designating caution}* In one 
embodiment, "green" denotes a stimulation threshold range of 9 milliamps (raA) or 
greater, "yellow" denotes a stimulation threshold range of 6-8 mA, and "red" denotes a 
stimulation threshold range of 6 mA or below. By providing this information graphically, 
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a surgeon may quickly and easily test to determine if the integrity of a pedicle has been 
breached or otherwise compromised, such as may result due to the formation of a pedicle 
screw hole and/or introduction of a pedicle screw. More specifically, if after stimulating 
the screw hole and/or pedicle screw itself the stimulation threshold is: (a) at or below 6 
5 mA, the threshold display 40 will illuminate "red" and thus indicate to the surgeon that a 
breach is likely, (b) between 6 and 8 inA, the threshold display 40 will illuminate 
"yellow" and thus indicate to the surgeon that a breach is possible; and/or (c) at or above 
8 mA, the" threshold display 40 wiE illuminate "green" and thus indicate to the surgeon 
that a breach is unlikely. If a breach is possible or likely (that is> 4l yellow" or * i *ed"), the 
10 surgeon may choose to withdraw the pedicle screw and redirect it along a different 
trajectory to ensure the pedicle screw no longer breaches (or comes close to breaching) 
the medial wall of the pedicle. 

While this invention has been described in terms of a best mode for achieving this 
1 5 invention's objectives, it will be appreciated by those skilled in the art that variations may 
be accomplished in view of these teachings without deviating from the spirit or scope of 
the present invention For example, the present invention may be implemented using any 
combination of computer programming software, firmware or hardware. As a preparatory 
step to practicing the invention or constructing an apparatus according to the invention, 
20 the computer programming code (whether software or firmware) according to die 

invention will typically be stored in one or more machine readable storage mediums such 
as fixed (hard) drives, diskettes, optical disks, magnetic tape, semiconductor memories 
such as ROMs, PROMs, etc., thereby making an article of manufacture in accordance 
with the invention. The article of manufacture containing the computer programming' 
25 code is used by either executing the code directly irom the storage device, by copying the 
code from the storage device into another storage device such as a hard disk, RAM, etc. 
or by transmitting the code on a network for remote execution. As can be envisioned by 
one of skill in the art, many different combinations of the above may be used and 
accordingly the present invention is not limited by the scope of the appended claims. 

30 



24 

SUBSTITUTE SHEET (RULE 26) 



92 



OSES- I£8-9S8 



•oui a a i se/\n[vi WdSS:t> S002 SO uep 



WO 2003/037170 



PCIYUS2002/035047 



WHAT IS CLAIMED IS: 

1 . A method for performing percutaneous pedicle integrity assessments, comprising the 
steps of: 

(a) percutaneously introducing an insulation member to a pedicle target site; 

(b) establishing electrical communication between a stimulation clement and an 
interior of a pedicle screw pilot hole; 

(c) applying a stimulation signal to said stimulation element; and 

(d) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the step of applying said application of stimulation signal to said stimulation 
element. 

2. The method of claim 1 and further, wherein said pedicle target site comprises at least 
one of a fully inserted pedicle screw and the opening of at least one of an initially formed 
pedicle screw pilot hole and a prepared pedicle screw pilot bole. 

3. The method of claim 1 and further, wherein said insulation member comprises a K- 
wire insulator. 

4. The method of claim 3 and further, wherein step (b) of establishing electrical 
communication between said stimulation element and said interior of said pedicle screw pilot 
hole is accomplished by at least one of; (i) disposing a K-wire through said K-wire insulator 
such that a distal tip of said K-wire contacts a fully inserted pedicle screw; and (ii) disposing 
said K-wire through said K-wire insulator such that said distal tip contacts said interior of 
said pedicle screw pilot hole. 

5. The method of claim 1 and further, wherein step (b) of establishing electrical 
communication between said stimulation element and said interior of said pedicle screw pilot 
hole is accomplished by bringing said stimulation element into contact with a tap member 
disposed through said insulation member. 
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6. The method of claim 6 and farther* wherein said stimulation element is a K-wire, and 
wherein said tap member is provided with a longitudinal lumen for receiving and passing 
said K-wire therethrough. 

7. The method of claim 1 , wherein said insulation member comprises a tubular element 
is dimensioned to receive a pedicle screw pilot hole preparation tool. 

8. The method of claim 7 and further, wherein step (b) of establishing electrical 
communication between said stimulation element and said interior of said pedicle screw pilot 
hole is accomplished by: (i) introducing said pedicle screw pilot hole preparation tool into 
said pedicle screw pilot hole; and (ii) est^lkhing electric^ 

stimulation element and said pedicle screw pilot hole preparation tooL 

9. The method of claim 8 and further, wherein said pedicle ser£w pilot hole preparation 
tool is a tap member. 

10. The method of claim 9 and further, wherein said stimulation member is a K-wire, and 
wherein said tap member has a longitudinal lumen for receiving and passing a K-wire 
therethrough to establish electrical communication therebetween. 

11. The method of claim 1 and further, wherein said insulating member includes an 
electrical coupling mechanism for establishing electrical contact between a stimulation 
source and said stimulation element. 

12. The method of claim 1 and further, wherein said stimulation signal is applied directly 
to said stimulation member through the use of an electrical coupling mechanism in electrical 
communication with a stimulation source. 

j 

V 

13. A method of performing percutaneous pedicle integrity assessments, comprising the 
steps of: 
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(a) percutaneously introducing an insulated K-wire into c ontact with at least one 
of a pedicle screw and a pedicle screw pilot hole; 

(b) applying a stimulation signal to said K-wire; and 

(c) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the step of applying said stimulation signal to said K-wire. 

14, A method of performing percutaneous pedicle integrity assessments, comprising die 
steps of: 

(a) percutaneously introducing an insulated member to the approximate opening 
of a pedicle screw pilot hole; 

(b) introducing a pedicle screw pilot hole preparation tool through said insulated 
member to prepare said pedicle screw pilot hole; 

(c) applying a stimulation signal .to said pedicle screw pilot hole preparation tool; 
and \ 

(d) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the step of applying said stimulation signal to said pedicle screw pilot hole 
preparation tooL . 

1.-' 

15. A method of performing percutaneous pedicle integrity assessments, comprising the 
steps of: 

(a) percutaneously introducing an insulated K-wire into contact with a pedicle 
screw pilot hole; 

(b) applying a stimulation signal to said K-wire; 

(c) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the step of applying said stimulation signal to said K-wire; 

(d) percutaneously introducing an insulated member to the approximate opening 
of a pedicle screw pilot hole; 

(e) introducing a tap member through said insulated member to prepare said 
pedicle screw pilot hole; 

(f) applying a stimulation signal to said tap member, and 
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(g) monitoring to assess whether nerves adjacent said pedicle are innervating as a 
result of the step of applying said stimulation signal to said tap member. 

16. A system for performing percutaneous pedicle integrity assessments, comprising: 

a body having an aperture dimensioned to receive a stimulation element therethrough 
and an insulation region capable of being percutaneously introduced to a pedicle target site 
within a patient; and 

a stimulation source in electrical communication with said stimulation element for 
selectively applying a stiinulation signal to said stimulation element to assess whether nerves 
adj acent said pedicle target site innervate as a result of applying said stimulation signal to 
said stimulation element 

1 7. The system of claim 1 6 and further, wherein said body is a tubular insulated element 
dimensioned to receive at least one of a K-wire and a pedicle screw pilot hole preparation 
tool. 

18. The system of claim 1 7 and further, wherein said pedicle screw pilot hole preparation 
tool is a tap member. 

19. The system of claim 1 7 and further, wherein said tubular insulated element includes 
an electrical coupling mechanism for establishing electrical contact between said stimulation 
source and said stimulation element 

20. The system of claim 1 6 and further, wherein said stimulation signal is applied directly 
to said stimulation member through the useof an electrical coupling mechanism in electrical 
communication with said stimulation source. 

21. The system of claim 1 6 and further, comprising an EMG monitoring system for 
assessing whether nerves adjacent said pedicle target site innervate as a result of applying 
said stimulation signal to said stimulation element 
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22. The system of claim 21 and further, wherein said EMG monitoring system displays at 
least one of alphanumeric and graphical information to a user tegaiding whether nerves 
adjacent said pedicle target site innervate as a resultof applying said stimulation signal to 
said stimulation element. 
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